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SPECIFICATION 



1. TITLE OF THE INVENTION 

GRADATION RECORDING METHOD 



2. CLAIMS 

A gradation recording method using a density pattern method 
in which one pixel is divided into a number, NXM, of matrix elements 
and the number of matrix elements colored with ink is successively 
increased to thereby increase the recording density level, 
characterized in that recording of different recording density 
levels is performed by using density patterns having the same number 
of colored matrix elements but having different matrix element 
arrangements . 



3. DETAILED DESCRIPTION OF THE INVENTION 
[Technical Field of the Invention] 

The present invention relates to a gradation recording method 
having an excellent gradation characteristic. 
[Technical Background of the Invention and Its Problem] 

In recent years, opportunities to handle characters, figures 
and the like have been increasing with development of 
information-related industries, and there are occasions when 
copying must be performed on recording paper with a printer. 

As the method of performing printing on recording paper, a 
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thermal recording method is widely used which has many advantages 
such that noise is not produced and that the apparatus size can be 
reduced. 

As the thermal recording method, in a thermal transfer method 
in which a thermal head is heated to melt ink on ink film and the 
melted ink is transferred onto recording paper and in other various 
methods, a binary recording method based on whether ink is 
transferred onto recording paper or not, namely, "0" and "1" is 
frequently used. 

The binary recording method can express only the next gradation 
at the minimum by itself. Therefore, in order to maintain a 
sufficient gradation characteristic, a gradation recording method 
called a density pattern method which is a kind of area gradation 
is used in most cases. 

The density pattern method is a recording method in which one 
pixel is brought into correspondence with a matrix consisting of 
several elements and by changing the filled matrix element by, for 
example, transferring ink in accordance with the shade of the pixel, 
that is, by changing the colored area of the ink portion within one 
pixel, expression with a sufficient gradation characteristic is 
enabled. 

In the density pattern method, even if the number of colored 
matrix elements or areas is the same, the gradation characteristic 
varies according to the coloring pattern (dot pattern) . A 
centralized pattern, for example a halftone-dot-type pattern has 
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a gradation characteristic close to a line with respect to the number 
of colored matrix elements (coinciding with the number of gradation 
levels), whereas a distributed pattern, for example a Bayer-type 
pattern has a gradation characteristic more nonlinear than that of 
the centralized pattern and its gradation expressing capability is 
lower . 



This phenomenon is explained as foil 



ows : 



Part of the light intruding into the recording paper is absorbed 
| by recorded dots around the recorded dots. Consequently, the 

gradation expressing capability is apt to be nonlinear when the 
boundary line between the recording portion and the non-recording 
portion is long like the distributed pattern. 

When one pixel is divided into a number, NX M , of matrix elements, 
a number, NXM, of gradations are obtained, and in principle, by 
increasing the number of matrix elements, the number of gradations 
can be increased accordingly. However, since resolution decreases 
unless the area of the matrix elements is decreased, the number of 
gradations is limited in actuality. Therefore, generally, 
recording of sixteen gradations is frequently performed by using 
a 4X4 matrix. 

For example, FIGs. 3 and 4 show Bayer-type dot patterns and 
halftone-dot-type dot patterns in the density pattern method using 
a 4 X 4 matrix described in the May 7, 1984 issue of Nikkei Electronics, 
pp. 171-188. The number below each dot pattern represents a 
gradation level. 
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When the binary recording method is used, although the coloring 
pattern (dot pattern) of the Bayer type or the halftone dot type 
is an advantageous recording method capable of expressing each pixel 
with a considerable number of levels of gradations, it has not only 
a defect that the number of gradations is limited to a number N 

XM which is the number of matrix elements but also the following 
defect: 

FIG. 5 shows gradation characteristic curves of the Bayer type 
and the halftone dot type shown in FIGs . 3 and 4. Here, the lateral 
axis represents the gradation level, i.e. the number of filled 
(colored) elements among a number, 4X4, of matrix elements, whereas 
the longitudinal axis represents the reflection recording density. 

As is apparent from FIG. 5, even when the Bayer type and the 
halftone dot type have the same gradation level, they are different 
in recording density. That is, a recording density which cannot 
be reproduced by the sixteen gradation levels of the halftone dot 
type can be reproduced by a gradation level of the Bayer type and 
conversely, a recording density which cannot be reproduced by the 
sixteen gradation levels of the Bayer type can be reproduced by a 
gradation level of the halftone dot type. 

Thus, the conventional gradation recording method has a defect 
that according to the actually used predetermined density pattern 
such as the Bayer type or the halftone dot type, reproduction 
(recording) can be performed with a relatively excellent gradation 
characteristic in a recording density region but recording is 
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performed with an unintended gradation in a predetermined recording 
density region to decrease reproducibility. 
[Object of the Invention] 

The present invention is made in view of the above-described 
problem, and an object thereof is to provide a gradation recording 
method capable of realizing an excellent gradation characteristic 
by enabling recording with a number of gradations which is greater 
than the number of gradations limited by the number of matrix 
elements to be used. 
[Summary of the Invention] 

According to the present invention, in the density pattern 
method for performing recording with gradation by dividing one pixel 
into matrix elements, by using a plurality of types of density 
patterns having different gradation characteristics, a gradient 
having a greater number of matrix elements is realized to improve 
the gradation characteristic. 
[Preferred Embodiment of the Invention] 

Hereinafter, the present invention will be concretely 
described with reference to the drawings. 

FIGs - 1 and 2 are related to an embodiment of the present 
invention. FIG. 1 shows gradation characteristics according to the 
embodiment. FIG. 2 shows the gradation characteristics of FIG. 1 
as dot patterns for the number of gradation levels. 

The embodiment of the present invention will be described in 



which gradation recording of one pixel is performed with a 4X4 
matrix . 

As the density pattern to be used, the halftone-dot-type 
pattern which is a centralized pattern and the Bayer-type pattern 
which is a distributed pattern are both used. 

In FIG. 1, the solid line represents the gradation 
characteristic of the halftone-dot-type density pattern, and the 
broken line represents the gradation characteristic of the 
Bayer-type density pattern. In the first embodiment, the halftone 
dot type represented by the solid line is used for the first to tenth 
and fourteenth to sixteenth gradation levels and both the halftone 
dot type and the Bayer type are used for the eleventh to thirteenth 
gradation levels, thereby realizing a recording density state having 
a pitch finer than that when only one of the two types is used. 

That is, at the eleventh gradation level, a Bayer-type 
recording density a is substantially intermediate between the 
recording densities at the eleventh gradation level and at the 
twelfth gradation level of the halftone dot type, and the recording 
density a cannot be reproduced by a halftone-dot-type density 
pattern. 

Likewise, a recording density b at the twelfth gradation level 
of the Bayer type and a recording density c at the thirteenth 
gradation level of the Bayer type are intermediate between the 
recording densities at the twelfth gradation level and at the 
thirteenth gradation level of the halftone dot type and between the 



recording densities at the thirteenth gradation level and at the 
fourteenth gradation level of the halftone dot type, respectively, 
and cannot be reproduced by the halftone-dot-type density pattern. 

That is, among the three recording density levels for the 
eleventh, twelfth and thirteenth gradation levels of the Bayer type 
and the recording density levels of the halftone dot type, the 
recording density is higher in the following order: 

the eleventh gradation of the halftone dot type < the eleventh 
gradation of the Bayer type < the twelfth gradation of the halftone 
dot type < the twelfth gradation of the Bayer type < the thirteenth 
gradation of the halftone dot type < the thirteenth gradation of 
the Bayer type < the fourteenth gradation of the halftone dot type. 
(1) 

Therefore, by using the three gradations of the Bayer type in 
the order of (1) together with the recording densities which can 
be reproduced by the sixteen gradation levels of the halftone- 
dot-type density patterns, nineteen density gradations which are 
more than a number, 4X4, of density gradations can be reproduced 
with a number, 4X4, of matrix elements. 

FIG. 2 shows placement (arrangement) of recorded dots which 
realizes the recording density of the nineteen gradations in the 
above-described 4X4 matrix. 

In FIG. 2, in patterns (sometimes referred to as density 
gradation levels. These correspond to gradation levels as 
described above but do not always coincide with the number of colored 



elements (the number of colored dots) unlike the above-described 
ones) designated by the numerals 0 to 19, Bayer-type density patterns 
are used for the twelfth, fourteenth and sixteenth patterns, and 
the numbers of colored matrix elements thereof are equal to those 
of the twelfth, fourteenth and sixteenth patterns of the halftone 
dot type, i.e. 11, 12 and 13, respectively. 

In the above-described embodiment, halftone-dot-type density 
patterns are mainly used and Bayer-type patterns are also used as 
:: !f the eleventh, twelfth and thirteenth density gradation levels, 
v: thereby realizing the number of gradations which is greater than 

a number, 4X4 ( = 16) , of matrix elements to improve reproducibility. 
';LJ However, the present invention is not limited to the above-described 

method which also uses the three Bayer-type density patterns but 

the number of Bayer-type density patterns that are also used may 

'% be increased (or decreased in some cases) . 

ti=? While the halftone dot type is mainly used and the Bayer type 

is used together with the halftone dot type in the above-described 
embodiment, this may be reversed. 

Further, the present invention is not limited to the method 
which uses both the halftone-dot-type and the Bayer-type density 
patterns but other density patterns such as the spiral type may be 
used. Generally, when two different types of density patterns 

comprising a NXM matrix are used, if the recording densities of 
the two gradation patterns for given gradation levels are all 
different where the saturated density level and the zero level are 
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excepted, a gradation of NXM+ (NXM-1) =2 (NXM) -1 can be reproduced. 
Moreover, by using three or more different types, the number of 
gradations can be further increased. 

In short, the gradation recording method of the present 
invention is a method in which when one pixel is formed by a NX 
M matrix, gradation recording is performed with density patterns 
for which density patterns having the same gradation levels but 
different recording densities are also used, and the number of 
density patterns can be increased to the number of gradations which 
is greater than a number NXM. 

In other words, the method of the present invention is a method 
of recording gradation with a number, NXM, of matrix elements in 
which recording densities with different levels are realized with 
density patterns having the same number of colored matrix elements 
but different distributions (patterns) . 

Consequently, gradation recording of excellent 
reproducibility is realized. Thus, the present invention 
effectively uses the defect that even if the number of gradations 
is the same, the recording density varies according to the 
distribution of the colored matrix elements. 

The present invention is applicable not only to monochrome 
printers but also to color printers. Moreover, the present 
invention is applicable to cases other than the case of the binary 
recording. The present invention is also applicable to a case using 
the density gradation method. 




The present invention is applicable not only to apparatuses 
of the thermal transfer method but also to apparatuses of the impact 
dot method. 

[Advantageous Effect of the Invention} 

As described above, according to the present invention, since 
the gradation number level can be increased by using different 
density patterns having the same number of gradations, gradation 
recording of excellent reproducibility is realized. , 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

FIGs. 1 and 2 are related to the embodiment of the present 
invention. FIG. 1 is a characteristic view showing that the number 
of gradations is improved by using the Bayer-type characteristic 
together with the recording density characteristic for the 
halftone-dot-type gradation level. FIG. 2 is an arrangement view 
showing the characteristics of FIG. 1 as the dot patterns for the 
density gradation levels. FIG. 3 is an arrangement view showing 
the Bayer-type dot pattern for each gradation level in a case where 

gradation recording is performed with the 4X4 matrix. FIG. 4 is 
an arrangement view showing the halftone-dot-type dot pattern for 
each gradation level in a case where gradation recording is performed 
with the 4X4 matrix. FIG. 5 is a characteristic view showing the 
relationship between the gradation level and the recording density 
in a case where the dot patterns shown in FIGs. 3 and 4 are used. 



